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Binding studies of a photoaffinity labelled mRNA, 
Q 
Poly (U)-(°N3AMP) were done in a cell-free wheat germ 
translating system. These studies reveal that Poly (U)- 
g 
( N3AMP)n is capable of directing protein synthesis at a 
4.6 fold increase rate of protein synthesis of a Poly (U) 
messenger RNA. Sucrose gradient analysis of the photo¬ 
affinity label to ribosomes was also done. Data presented 
in these studies indicate that the photoaffinity label 
binds qualitatively to biological macromolecules. 
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Many studies have shown that mRNAs of most viral and 
eucaryotic systems have unique structures at the 3' (poly A 
sequences) and the 5' (cap) termini. The poly (A) sequences 
consist of long chains of AMP residues, about 200 nucleo¬ 
tides, located at the 3'-terminal of mRNA (Brawerman, 1976). 
The 5’-terminal, on the other hand, is blocked by a 5'—5'— 
7 
triphosphate nucleotide linkage called a "cap," m GpppNm, 
where N represents any nucleotide base and m represents 
méthylation (Rottman et al_. , 1974). Many believe that "cap" 
structures function in some form of initiation of protein 
synthesis by interacting with a ribosomal protein or initia¬ 
tion factor (s) and that the poly (A) sequence functions in 
the stability of mRNA by preventing hydrolysis by ribo- 
nucleases. However, a definite function has not been 
attributed to either of these structures. 
One approach to solving the problem of the poly (A) 
and "cap" is with the use of photoaffinity labelled compounds. 
The use of photoaffinity reagents to investigate the binding 
of ligands to macromolecules is a relatively new technique 
and is being rapidly developed (Haley, 1976). This techni¬ 
que has been successfully used to identify ATP and cAMP 
binding proteins of cell, membranes, and some purified protein 
1 
2 
kinases (Haley and Hoffman, 1974). The reagent successfully 
used to photolabel cAMP binding sites was 8-azidoadenosine 
3',5'-cyclic monophosphate, 8-Ng-cAMP (Haley, 1976). 
Therefore, in this research project two photoaffinity 
label compounds were synthesized (8-azido ATP and 4- 
thiouridine) which may be attached to the 5' or 3' terminal 
of Poly (U). These compounds may serve as useful tools in 
studies to identify proteins which may bind to the 3'-poly 
(A) or 5'-"cap" terminal of mRNA. 
CHAPTER II 
REVIEW OF LITERATURE 
Within the past few years much has been learned about 
the structure of messenger RNA (mRNA) of higher organisms 
and viral systems. It is now believed that the primary 
products of gene transcription are processed into functional 
forms of RNA by a series of steps consisting of terminal 
addition of nucleotides to the 3'-(polyadenylation) and 
5'-(cap) ends of RNA (Weinberg, 1973; Brawerman, 1974; 
Darnell, 1974; Perry and Kelley, 1974; Shatkin, 1974; 
Derosier et aA. , 1975; Wei et al. , 1975; Furuichi et_ al_. , 
1975a, 1975b). The precursor molecules for both the 3' and 
5' termini belong to a class of large molecules existing in 
the nucleus called heterogeneous nuclear RNA (hnRNA). This 
hnRNA is synthesized in the nucleoplasm and is considerably 
larger than mRNA (Darnell, 1974; Salditt-Georgieff et al., 
1976) . 
Poly A Sequence 
The poly (A) sequence was discovered by Edmonds and 
Abrams (1959, 1962) while they were searching for enzymes 
responsible for general RNA synthesis in thymus nuclei. 
Instead, they discovered an enzyme that added polyadenylic 
acid either to polyadenylic or endogenous primer, which they 
subsequently demonstrated was enriched in polyadenylate 
3 
4 
residues. Edmonds and Caramela (1969) again identified a 
segment of RNase resistant, adenylate-rich RNA which 
migrates during gel electrophoresis at about 9S and was thought 
to originate in the nucleus of tumor cells. Lim and 
Canellakis (1970) reported that hemoglobin mRNA contained an 
approximately 70-unit adenylate-rich fragment and Kate and 
Beeson (1970) demonstrated that vaccinia mRNA, but not 
cellular mRNA, contained poly (A) that was attached to larger 
RNA molecules, and that it was involved in hnRNA and general 
mRNA metabolism (Edmonds el. a_l. , 1971; Lee ert aA. , 1971; 
Darnell et a_l. , 1971a, 1971b; Sheldon et_ al. , 1972). Poly 
(A) segments derived by pancreatic RNase treatment were shown 
to contain only adenylate residues (Molloy and Darnell, 1973; 
Mendecki et_ al. , 1972; Nakajato ert al. , 1973) and exclusively 
at the 3'-terminus in both hnRNA and mRNA. 
The modification of 3'-terminal of hnRNA and mRNA by the 
addition of poly (A) sequences provided strong evidence for 
the precursor nature of hnRNA (Mendecki et_ al. , 1972). 
Evidence for the above model was provided by hybridization 
studies with the 5' and 3' termini portions of hnRNA from 
rat liver, and it was shown that hybridizable sequences were 
present in both the 5' and 3' terminal regions. It was 
concluded from this study that sequences transcribed from 
reiterated DNA were present at both ends of hnRNA; that the 
5' end is removed and rapidly destroyed, and that the 3' end 
is conserved in polysomal mRNA (Georgiev ert al. , 1972). 
5 
Studies of mRNA turnover in mammalian cells, which showed 
that RNA species is far more stable than previously 
believed (Brawerman, 1974), prompted the search for a 
mechanism that would promote mRNA stability. The poly (A) 
sequence located at the 3' end of the RNA chain and covered 
with a portion of proteins that make it resistant to nucleases 
(Kwan and Brawerman, 1972) may provide a barrier against 
degradation by 3'-exonucleases. Thus, the poly (A)-protein 
structure may serve to prevent mRNA breakdown. 
Cap Structure 
Almost nothing has been known about the 5'-terminal, 
and mRNAs were believed to contain only the four standard 
nucleotides, until Perry and Kelley (1974) demonstrated that 
mRNA and heterogeneous nuclear RNA of mouse L cells were 
methylated and that méthylation occurred on both base and 
ribose moieties. Further characterization of mRNA with 
DEAE-cellulose and a variety of enzymes, located the methyl 
6 7 groups on N position of adenylated residues and m G of the 
5'-terminal sequences, termed as "cap" (Rottman et al., 1975). 
Most eucaryotic cellular and viral mRNAs recently have been 
found to be modified at the 5' end XpppNmpNmpNmp, where X is 
an identified blocking group, a nucleoside of 7-methylguano- 
sine in which a 5'5' triphosphate linkage to either one or 
two 2'-O-methyl nucleotide. The sequence of nucleotides at 
7 
the mRNA 5' region has the general structure: m G(5')ppp( 5')- 




Cory, 1975) is the sequence found in various viral and 
cellular mRNAs, including those of cytoplasmic polyhedrosis 
virus (Furuichi and Miura, 1975), reovirus (Furuichi et al., 
1975a, 1975b), vaccinia (Urushibara et_ ad. , 1975; Wei and 
Moss, 1975), vesicular stomatitis virus (VSV)(Abraham 
et al., 1975), rabbit reticulocyte globin (Muthukrishnan 
et al. , 1975), Hela cells (Furuichi e_t aA. , 1975c), mouse 
myeloma (Adams and Cory, 1975), mouse L cells (Muthukrishnan 
et al., 1975), and yeast (DeKloet and Andrean, 1976). 
Muthukrishnan et_ ad. (1975, 1976) and Both et_ ad. (1975) 
have shown that reovirus, VSV, and rabbit reticulocyte mRNAs 
lose their ability to stimulate protein synthesis if they 
dp not contain the 5'-terminal sequence shown in Fig. 1 
(Adams and Cory, 1975) and that incorporation of the above 
sequence in these systems restores their ability to carry out 
in vitro translation in protein synthesis with fidelity. 
However, some viral mRNAs—that is, those from satellite 
tobacco necrosis virus (Lesnaw and Reichman, 1970), picorna- 
virus, polio (Nomoto et_ ad., 1976; Fernadez-Munoz and Darnell, 
1976; Hewlett et ad., 1976), and encephalomyocarditis virus 
(Nuss et ad. , 1975), were found to be uncapped, contain no 
7 
m G, but direct the synthesis of virus-specific polypeptide 
in vitro and in vivo. 
The ubiquitous occurrence of "cap" structures in 
eucaryotic mRNAs suggests that they may have an important 
role in translation. The first indication that 5’-terminal 
8 
"cap" had an important effect on the function of mRNA was 
reported by Both et_ ad. (1975) with the translation of 
reovirus or vesicular stomatitis virus mRNA in vitro in 
the presence of S-adenohomocysteine. The translation of 
this mRNA in a wheat germ, cell-free protein-synthesizing 
system was drastically reduced relative to the translation of 
7-methylguanosine-terminated mRNA. Similar results were 
obtained when 7-methylguanosine was removed from reovirus or 
globin mRNA by periodate oxidation and g-elimination 
(Muthukrishnan et ad., 1975). Additional evidence in support 
of an important functional role for the 5'-terminal was the 
finding of Hickey et ad. (1976) that cap analogs such as 
7-methylguanosine 5'-phosphate are specific inhibitors of 
translation in wheat germ extracts. 
Subsequent work using membrane filter techniques indi¬ 
cated that the 5'-terminal "cap" was required for efficient 
binding of mRNA to ribosomes during initiation of protein 
synthesis (Muthukrishnan et ad., 1975, 1976). Moreover, other 
investigators argued that the "cap" structure facilitates 
its function in protein synthesis at the level of initiation 
by binding to some initiation factor (Shatkin, 1976; 
Shafritz et ad., 1976; Barriux and Rosenfeld, 1977a, 1977b). 
They presented evidence that the cap structure facilitated 
its function in protein synthesis at the level of initiation 
by binding to an initiation factor, specifically eIF-2, -4B, 
and -5. The binding of eIF-4B to virus RNA (Frisby and 
9 
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Fellner, 1976) was inhibited by the cap analog, m GMP. On 
this basis, it was suggested that eIF-4B recognizes and 
binds to "cap" (Shafritz, 1976). It has also been reported, 
using the same experimental approach, that eIF-2 recognized 
the "cap" in mRNA (Kaempfer et al^. , 1978). However, filter 
binding was shown to be a method that did not permit 
unequivocal identification of polypeptides with cap-binding 
activity (Sonenberg et al., 1978). Crosslinking experiments 
devised by Sonenberg and Shatkin (1977) detected proteins 
that were positioned near and possibly interacted with the 
5'-end of mRNA in initiation complexes. This technique 
7 
entails oxidizing the "cap" m (5')ppp(5')-Gm with sodium 
periodate to convert the 2',3'-cis-diol of the 5'-terminal 
7 
m G to a reactive dialdehyde. Using this technique 
Sonenberg et al. (1978) identified a polypeptide with a 
molecular weight of 24,000 in an assay system containing 
purified amounts of initiation factors. 
Photoaffinity Labelling 
Indications for a participation of ribosomal proteins 
in mRNA binding come from different experimental approaches: 
Chemical modification of ribosomes, functional studies 
correlating the ribosomal protein content with the ability 
to bind mRNA and affinity labelling (Noller et aJL. , 1971; 
Duin et aG., 1970; Tal et al., 1972; Van Deim and Van 
Knippenberg, 1974; Szer et al., 1975; Van Dieigen, 1976). 
Protein SI can be labelled in a 70S ribosomal complex by 
10 
4 
photo-reaction with poly 4-thiouridylic acid, poly S U, 
IFiser trt a_l. , 1974). The C=S bond in the 4-thiouracil 
ring can be photoactivated at 330 nm. After irradiation 
of a mixture containing ribosomes, H-poly (S U) and Phe- 
tRNA, followed by dénaturation and digestion with ribo¬ 
nucléase, a ribonucleoprotein complex can be isolated which 
contains several proteins tightly bound to radioactive poly¬ 
nucleotide (Fiser et aJ . , 1977). Proteins SI, S18, and S21 
have been identified as components of this labelled ribo¬ 
nucleoprotein complex, demonstrating that these proteins 
together with the 3'-terminus of 16S RNA constitute part of 
the mRNA binding site of the 70S ribosome (Fiser et ajL. , 
1977). These findings are in agreement with recent cross- 
linking studies as well as affinity labelling experiments with 
oligonucleotide derivatives (Kenner, 1973; Czernilofsky 
4 
et al. , 1975). Poly (S U) synthesized by this route has 
physiochemical properties which are very similar to those 
of Poly (U) (Baehi et al., 1973). Poly (S^U) can be chemically 
synthesized by exchange of the amino group of the cytosine 
moieties in Poly (C) for the sulfur group of atoms by incuba¬ 
tion with HgS (Hochberg and Kerenzui, 1974). In contrast to 
4 
the enzymatically synthesized Poly (S U) this latter product 
(chemically synthesized) is not an active mRNA in a protein 
synthesizing system iji vitro (Argetsinger and Jakes, 1975). 
This apparent contradiction has not yet been solved. Photo- 
4 
affinity labels such as Poly (S U) can be very useful tools 
11 
in evaluating the properties of the 5'- and 3'-ends of mRNA 
and ribosomal mRNA sites. 
CHAPTER III 
MATERIALS AND METHODS 
Materials 
Wheat Germ Extract 
The variety of wheat germ found to yield a highly 
efficient cell free system was purchased from Niblack's, 
Inc. of Rochester, New York (Brand name: Old Stone Mill 
Wheat Germ) and stored at 4°C. Creatine phosphate 
(disodium salt), creatine phosphokinase (powder), spermine 
tetrahydroxhloride, Hepes, ATP (disodium salt), GTP (sodium 
salt), dithiothreotol (DTT), L-amino acids were all purchased 
3 
from Sigma Biochemicals. Labelled L- H-phenylalanine was 
obtained from Schwarz Bio Research, and Sephadex G-25 from 
Bio-Rad. 
8-Azido ATP 
8-azido ATP (^N^ATP) was synthesized by Bose (1978) 
using a modified method of Haley and Hoffman (1974) by heating 
8-bromo-AMP, 10 mM (prepared by the bromination of AMP) at 
75°C in anhydrous dimethylformide containing triethyl- 
ammonium-azide, 10 mM. Pyrophosphate was coupled to ^N^AMP, 
making ^N^ATP by the method of Moffatt and Khorana (1961). 
Chromatographic separation of the reaction was done on a 
DEAE-cellulose-HCOg column (60 cm X 2.5 cm) with a linear 




triethylammonium bicarbonate. N^ATP was identified by its 
photolytic activity (Shafer et <il. , 1966), the value of 
its enzymatic hydrolysis products (Fleet et_ ad., 1969), and 
its ultraviolet (UV) spectrum. 
Poly (A) Polymerase 
Lowe (1978) purified Poly (A) polymerase from one-day- 
old chick livers by the method of Hadidi and Sethi (1976). 
One-day-old male chicks were obtained from a local hatchery. 
The livers (90g) were obtained and washed once with equal 
volumes of 50 mM Tris-HCl (pH 7.2), 2.5 M sucrose, 25 mM KC1, 
5 mM MgCl2, 1.4 mM CaCl2, and 0.5 mM DTT. The livers were 
chopped into small pieces and homogenized in two volumes of 
the above buffer with an electric-driven Teflon homogenizer 
for 20 strokes. The homogenate passed through two layers of 
cheese cloth and was centrifuged at 1200 x g for 15 min at 
0.5°C. The nuclear pellet was weighed and washed with 2 
volumes of the above buffer, resuspended with one stroke of 
the Teflon homogenizer, and centrifuged at 1000 x g. The 
pooled supernatant fractions were re-homogenized with three 
strokes of the Teflon homogenizer, centrifuged at 27,000 
x g for one hour at 0°C in a Beckman type 42.1 rotor. The 
pellet was discarded and the supernatant fraction was 
designated as "cytoplasmic extract." 
The cytoplasmic extract was adjusted to 75% saturation 
(516 g/1) with crystalline (NH^)2S04 on a magnetic stirrer at 
0°C. After dissolution of the salt, the mixture was kept 
14 
for 30 min and centrifuged at 27,000 x g for 30 min at 0°C. 
The supernatant fraction was discarded and the pellet was 
suspended in two volumes (101 ml) of a solution of 40% 
(NH4)2S04 (243 g/1) in 50 mM Tris-HCl (pH 7.9) 0.1 mM EDTA, 
1 mM DTT, and 10% glycerol, and centrifuged at 27,000 x g 
for 30 min at 0°C. The supernatant fraction was discarded 
and the pellet dissolved in 40 ml of the above buffer without 
ammonium sulfate. The suspension was designated as 
"cytoplasmic fraction." 
To the cytoplasmic fraction was added (NH4)2S04 (56 g/1; 
10% saturation) and the solution was allowed to stand for 
15 min. The pellet from this centrifugation was discarded. 
To the supernatant fraction was added (NH4)2S04 (243 g/1; 
40% saturation) and the solution was again allowed to stand 
for 15 min. The solution was centrifuged at 27,000 x g for 
1 hr. The supernatant fraction was discarded and the pellet 
was resuspended in 50 mM Tris-HCl buffer (pH 7.9), 0.1 mM 
EDTA, 1 mM DTT and 10% glycerol (fraction 1). Fraction 1 was 
+ 2 dialyzed against the suspending buffer containing 10 mM Mn 
salt for 12 hr. Fraction 1 was then centrifuged at 27,000 x g 
for 1 hr. The clarified, dialyzed fraction containing poly (A) 
polymerase activity was designated as fraction 2. Fraction 2 
was purified 20-fold with more than 80% recovery of activity 
(assay of enzyme activity in crude state may not be entirely 
accurate because of various contaminating ATP hydrolytic en¬ 




The instruments used in this work were as follows: 
Beckman models—J-21B Centrifuge, L2-65B Ultracentrifuge, 
Spectrophotometer ACTA CIII, LS 7000 Scintillation Counter, 
and Buchler Instrument Polystaltic Pump and Gradient Maker. 
Method of Procedures 
Wheat Germ Extract (S-30 Fraction) 
A crude wheat germ extract was prepared by modification 
of Marcus and Dudock (1974). All steps were performed at 
4°C. Raw wheat germ (3g) along with an equal weight of 
acid washed-glass beads were ground dry in a cooled mortar 
for approximately 60 sec. Extraction buffer (6 ml) containing 
20 mM Hepes (pH 7.6, adjusted with KOH), 100 mM KC1, 1 mM 
Mg(0Ac)2, 2 mM CaCl2, and 1 mM DTT was then added followed by 
gentle swirling for 15-30 sec. The resultant paste was 
scraped out of the mortar with a spatula and spun at 15,000 
x g in a JA-20 rotor for 10 min. After centrifugation the 
supernatant fraction was removed with a pasteur pipette, 
taking care to avoid the thick upper fatty layer. At this 
point in the procedure, the &2QQ was found to be 235 with an 
^260^280 ratio of 1.35. This supernatant fraction (2 ml) 
was then applied to a Sephadex G-25 column (medium, 21 x 1 
cm) which was equilibrated and eluted with a buffer contain¬ 
ing 20 mM Hepes (pH 7.6), 120 mM KC1, 5 mM Mg(0Ac)2, and 
1 mM DTT. The sample was eluted at a flow rate of 2.5 ml/min 
and fractions were collected (2 ml). The turbid fractions 
16 
were pooled and centrifuged for 20 min at 15,000 x g in a 
JA-20 rotor. The resultant supernatant fraction was 70 
A26O/^280 
ratio 1-6. This fraction was designated as 
"S-30 fraction" and stored in liquid Ng until further use. 
Poly Adénylation of Poly (U) 
Assay tubes containing varying amounts of Poly (U) at 
8 a concentration of 50 pg, 10 pg of N^ATP, and Mn at 10 mM 
were all incubated at 37°C for 1 hr. Evidence that the 
8-azido-ATP was incorporated into the nucleotide consists 
primarily of the fact that the 8-azido-ATP was used up since 
luciferase will react with 8-azido-ATP to generate biolumi¬ 
nescence. Affinity binding of the photoaffinity label mRNA 
to an 01igo(d.T)-cellulose column (Avid and Leder, 1972) was 
other evidence indicative of the incorporation of 8-azido-ATP 
into Poly (U). The column was first pre-run with commercial 
poly (rA) (Miles Laboratory) to check binding efficiency. 
Binding of poly (rA) or of polyadenylate mRNA was effective 
in 0.5 M KC1, 0.01 M Tris-HCl (pH 7.4; binding buffer). After 
Q 
extensive washing, the poly (rA) or Poly (U)-( N„AMP) was u n 
eluted in 0.01 M Tris-HCl (pH 7.4 eluting buffer). The 
fractions were collected, and the absorbance was read at 
260 nm. 
Wheat Germ Translating System 
The complete translating system in a final volume of 
100 pi contained 20 pi of the S-30 fraction, 20 nM Hepes 
(pH 7.4, adjusted with KOH), 20 pM of all 19 unlabelled amino 
17 
acids minus phenylalanine. The messenger RNAs used in this 
assay were either Poly (U), (U )5 » or Poly (U)-(8NgAMP)n. 
Assays were incubated for 60 min at 30°C. The reaction 
tubes to be used in sucrose gradient analysis were stopped 
by chilling on ice for 15 min. All other reaction tubes were 
stopped by the addition of 1 ml of 10% Trichloroacetic Acid 
(TCA) plus cassamino acids. The resultant protein precipitates 
were boiled at 90°C for 20 min and the precipitates were mixed 
thoroughly and collected on Whatman GF/A filters (previously 
moistened with 30 ml of cold 10% TCA plus cassamino acids). 
The filters were washed wit 30 ml of 10% TCA and 4 ml of 
95% ethanol. The filters were dried and counted in a 
g 
scintillation system. Tubes containing Poly (U)-( NgAMP)n 
that were chilled on ice and not TCA precipitated were 
photolysed by UV irradiation for 5 min in the dark. 
Preparation of Salt Washed Ribosomes 
Salt washed ribosomes were prepared from the S-30 frac¬ 
tion by the method of Ravel ert _al. (1978) with some modifica¬ 
tion. The S-30 fraction centrifuged for 3 hr at 170,000 x g 
in a Beckman type 50.1 SW rotor. The supernatant fraction 
was discarded and the pellet was suspended in a buffer con¬ 
taining 20 mM Hepes, 5 mM Mg(0Ac)2, 10% glycerol, 650 mM 
KC1 and 1 mM DTT (pH 7.6, adjusted with KOH). The ribosomes 
were allowed to stand in this high salt buffer for 30 min 
and were then collected by centrifugation for 4 hr at 
140,000 x g in a Beckman type 50.1 SW rotor. The ribosomes 
18 
were suspended in the above buffer but containing 50 mM KC1 
instead of 650 mM KC1. Salt washed ribosomes were stored in 
liquid N2 until later use. 
Sucrose Gradient Analysis 
Ribosomal subunits were separated according to the 
method of Martin and Wool (1968) with some modifications. 
Salt washed ribosomes were suspended at room temperature in 
a medium containing 80 mM KC1, 12.5 mM 6-mercaptoethanol. 
A portion (2 ml) of this suspension containing approximately 
g 
60 A260 of ribosomes or the photolysed Poly (U)-( NgAMP)n 
directed-protein synthesis product was layered on 28 ml of 
a 10-40% linear sucrose gradient in a medium that comprised 
20 mM 3-mercaptoethanol, 850 mM KC1, 15 mM MgClg, 50 mM 
Tris-HCl (pH 7.8) at room temperature. After centrifugation 
in a Beckman 25.1 SW rotor at 22,500 rpm for 5 hr at 27-29°C, 
the gradient was fractionated on a density gradient fraction¬ 
ator and analyzed at 260 nm. Subunits were pooled and stored 
in liquid N2 until later use. 
CHAPTER IV 
RESULTS 
Cell-free extracts of wheat germ are capable of translat 
ing natural and synthetic mRNAs with fidelity (Marcus and 
Dudock, 1974). This system can also be prepared with less 
complication than other protein synthesizing systems. 
g 
Therefore, the incorporated N^ATP to Poly (U) was studied 
using this cell-free system. 
Figure 2 represents the elution profile from the Sepha- 
dex G-25 column of the S-30 fraction. The fraction was spun 
at 15,000 x g for 20 min and used as an enzyme fraction for 
translation of mRNAs. This S-30 fraction was 70 A2QQ with 
an A260//j^l280 rat-'-° 0:f 1-6* Listed in Table 1 is the S-30 
fraction along with other standard assay components required 
for mRNA translation. Three synthetic mRNAs (Poly (U) , (U ) R 
P 3 
g 
and Poly (U)-( NgAMP) were translated in the above system to 
determine and compare their ability to direct protein synthe¬ 
sis. Table 2 summarizes these results. Our photoaffinity 
labelled mRNA (Poly (U)-(^N^AMP)n) stimulated ^H-phenylala- 
nine incorporation into acid-precipitable polypeptide pro¬ 
ducts of 4.6 fold increase in the rate of protein synthesis. 
(U)c had a 4.4 fold rate of protein synthesis and Poly (U) 
P ° 
had a 6.7 fold rate of protein synthesis. 
Incorporation of 8-azido ATP into Poly (U) was with a 
19 
Fig. 2. The elution profile from the Sephadex G-25 
column of the S-30 fraction, which was used 






Fraction No. (2 ml) 
21 
Table 1. Standard Assay Components 
Component Concen./Amount 
Hepes (pH 7.6) lOmM 
ATP ImM 
GTP 20yM 
Creative Phosphate 8mM 




Spermine 3y G 
19 unlabelled amino acid 30yM each 
Q 
H Phenylalanine .5 yci/tube 
Ribosomes 20y 1 
mRNA Varying amounts 
22 
Table 2. Translation of Poly (U)-(BN0AMP) in o n 
Wheat Germ Protein-Synthesizing System. 
rnRNA CMP Fold increase in the rate of protein synthesis 
^Control 205.08 0 
BPoly U 1391.2 6.7 
B(Up)5 812.25 4.4 
BPoly (U)-(8N3AMP)n 943.84 4.6 
A - Ribosomes 
B - Contains standard assay components as listed 
in Table 1 
23 
typical reaction of Poly (U) at a concentration of 50 yg, 
8 -j- 9 
10 yg of N^ATP, Mn at 10 mM and varying amounts of poly- 
(a) polymerase. The binding of the polyadenylated messen¬ 
ger to affinity columns is indicated in Fig. 3. This pro- 
g 
file represents the elution of the bound Poly (U)—( NgAMP)n 
from 01igo(dT)-cellulose column in an eluting buffer 
containing 0.01 M Tris-HCl, (pH 7.4). 
Figure 4 represents the sucrose gradient analysis of 
salt washed ribosomes. This profile represents fractions 
collected from a 28 ml 10-40% sucrose gradient spun at 
22,500 rpm for 5 hr at 27-29°C. The scheme of 40S and 60S 
ribosomal subunit preparation from wheat germ that was used 
above is indicated in Fig. 5. Figure 6 demonstrates the 
g 
binding capacity of Poly (U)—( N^AMP)n to ribosomal subunits. 
In this profile there is seen a shift of the 60S sedimenta¬ 
tion profile as compared to the 60S profile represented in 
Fig. 3. 
Fig. 3. The elution profile of the polyadenylate 
messenger RNA (Poly (U)-(^NgAMP)n) Oligo(dT)- 
cellulose column in an eluting buffer containing 






Fraction No. (2 ml) 
Fig. 4. The sucrose gradient analysis of salt washed 
ribosomes. Subunits were separated in 
10-40% sucrose gradient in a medium that 
comprised 20 mM g-mercaptoethanol, 850 mM KC1, 






Fraction No. (0.5 ml) 
Fig. 5 A scheme of 40S and 60S ribosomal subunit 
preparation from wheat germ. 
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Scheme of 40s and 60s Ribosomal Subunit Preparation 
From Wheat Germ 
Grinded Wheat Germ Mixture 
Centrifugation at 5,000 x g 10 min 
Sephadex G-25 
(S-30) 
Centrifugation at 25,000 x g 20 min 
Centrifugation at 170,000 x g 3 hr 
High Salt Washing of Ribosomes 






Fig. 6. The binding capacity of Poly (U)-( NgAMP)n to 
ribosoraal subunits. In this profile there is 
seen a shift of the 60S sedimentation as 
compared to the 60S profile represented in Fig. 3. 
•-represents Fig. 3 and 0-represent.s gradient 
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CHAPTER V 
DISCUSSION 
We have attempted to determine some of the structural 
features of mRNA molecules that are important for transla¬ 
tion. A synthetic photoaffinity labelled mRNA was 
O 
constructed in our laboratory by the addition of NgAMP to 
the 3'-terminal of Poly (U) and tested for its ability to 
direct protein synthesis in a wheat germ cell-free system. 
These results indicate that the 8-azido-polyadenylated 
messenger is capable of carrying out in vitro translation. 
The fractionated cell-free system used in this work 
was described by Marcus and Dudock (1974). The efficiency 
of initiation is demonstrated by the fold increase rate of 
protein synthesis of approximately 6.7 for Poly (U) and 
4.4 for Oligo-nucleotide, (Up)5- We were then able to deter- 
O 
mine the efficiency of our messenger, Poly (U)—( N„AMP) by 
U II 
comparing it to the above results. Our messenger was trans¬ 
lated at 4.6 fold rate of protein synthesis in an assay 
system containing exogenous ribosomes and low concentrations 
of enzyme fraction (S-30). Exogenous ribosomes were used to 
enhance the probability of ribosome-photoaffinity probe 
binding. Otherwise, the photoaffinity label may engage in 
non-specific binding. The 4.6 fold rate of protein synthesis 
may be considered in a qualitative degree of translation 
28 
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compared to the results ascertained from the translation of 
Poly (U) and (Up)5. 
While the poly (A) and the "capping" structures may 
appear to be universally found in eucaryotic mRNA, there 
still remains some questions as to their function in pro¬ 
tein synthesis. Studies using polio virus mRNA seem to 
suggest that the translation phenomenon may be species- 
specific. Host protein synthesis in polio virus-infected 
Hela cells is interrupted, but the host mRNA appears to 
remain completely intact and unmodified. The average size 
and poly (A) content of host mRNA was previously known to 
be unchanged (Koschei, 1974; Leibowitz and Penman, 1971). 
In addition the 5'-terminal methylated "cap" structures 
remained intact and no further base modification could be 
detected (Fernandez-Munoz and Darnell, 1976). Since the host 
cell mRNA still contains a cap but the virus mRNA lacks one, 
this may provide a molecular basis for discrimination of the 
two mRNA classes so that the polio RNA can still be translated 
while host protein synthesis declines (Fernandez-Munoz and 
Darnell, 1976). 
Still other evidence suggests that the existence of 
polyadenylation to the 3'-terminus and the "cap" to the 
5'-terminus may play a role in controlling protein synthesis 
(Fernandez-Munoz and Darnell, 1976). 
Still other evidence suggests that the existence of 
30 
polyadenylation to the 3'-terminus and the "cap" to the 
5'-terminus may play a role in controlling protein synthesis 
(Lee et al., 1971; Shatkin and Both, 1976). These studies 
indicate that substantial amounts of protein appear to be 
associated with the messenger even while it is being 
translated. Consequently, many of these proteins appear 
to be ribosomal proteins. 
In order to understand the events which take place on 
ribosomes during protein synthesis, it has become evident 
that precise information on the positions of individual 
proteins, relative to each other and to ribosomal RNA, will 
be required (Kenner, 1973). The use of crosslinking agents, 
binding together neighboring proteins or RNA and proteins, 
appears to offer useful means toward this end (Bickle ert al. , 
1972). 
We have, therefore, been prompted by the above reports 
to investigate ribonucleoprotein interaction in a wheat germ 
system containing exogenous ribosomes and low concentrations 
of enzyme fraction (S-30). Our results from a 10-40% sucrose 
gradient showed an apparent shift in the sedimentation 
profile of the 60S ribosomes. These results suggest that 
specific ribosomal proteins or proteins have binding sites 
on the Poly (U)-(8N3AMP)n mRNA. Our future studies will 
be geared toward characterizing the protein involved in 
mRNA interaction. 
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Results may not be very conclusive at this stage of 
our investigation; however, we are confident that we have 
synthesized a photoaffinity label which qualitatively binds 
to biological macromolecules. Such findings may enhance 
our knowledge to understand the mechanism of specific 
protein-mRNA interaction. Moreover, once the nuclei 
acid-protein contact points have been identified, further 
experiments may be directed at these sites, in order to 
determine which of them are responsible for the specificity 
and strength of complex formation. 
CHAPTER VI 
SUMMARY 
1. A synthetic mRNA, Poly U, Polyadenylated with 8-azido 
AMP, has been shown to be active in protein synthesis 
in a cell-free wheat germ protein-synthesizing system. 
2. The addition of Poly(U)-(8N3AMP)n causes a shift in 
ribosomal subunit on 10-40% sucrose gradient, suggesting 
the ability of Poly(U)-(8N3AMP)n to bind to ribosomes. 
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